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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NOVA MEASURING INSTRUMENTS, LTD. 
Building 22 

Weizmann Science Park 
2 nd Floor 

Ness-Ziona, Israel 76100 

Plaintiff, 



HON. JOHN J. DOLL 

Acting Under Secretary of Commerce for Intellectual 
Property and Acting Director of the United States 
Patent and Trademark Office 
Madison Building 
600 Dulany Street 
Alexandria, VA 22314 

Defendant. 



Civil Action No. - — 



COMPLAINT 

Plaintiff Nova Measuring Instruments, Ltd., for its complaint against defendant, the 
Honorable John J. Doll, states as follows: 

1 . This is an action by the owner of United States Patent No. 7,477,405 seeking review of 
inaccurate and erroneous patent term adjustment calculations made by the United States 
Patent and Trademark Office ("USPTO"). Specifically, this is an action by Plaintiffs 
under 35 U.S.C. § 154(b)(4)(A) seeking a judgment that the patent term adjustment of 
472 days calculated by the USPTO for the '405 patent should be corrected to 1,131 days. 

2. This action arises under 35 U.S.C. § 154 and the Administrative Procedure Act, 5 U.S.C. 
§§ 701-706. 
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I. THE PARTIES 

3. Plaintiff Nova Measuring Instruments, Ltd., ("Nova") is a company operating under the 
laws of Israel. Nova is located at Building 22, Weizmann Science Park, 2 nd Floor, Ness- 
Ziona, Israel, 76100. 

4. Defendant John J. Doll is the Acting Under Secretary of Commerce for Intellectual 
Property and Acting Director of the United States Patent and Trademark Office. 
Defendant is sued in his official capacity. 

II. JURISDICTION AND VENUE 

5. This Court has jurisdiction over this action and is authorized to issue the requested relief 
to Plaintiffs pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1361; 35 U.S.C. § 154(b)(4)(A) 
and 5 U.S.C §§ 701-706. 

6. Venue is proper in this district pursuant to 35 U.S.C. § 1 54(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. § 154(b)(4)(A) and 
FRCP 6(a)(3). 

III. BACKGROUND 

8. The '405 patent issued to Moshe Finarov and Boaz Brill on January 13, 2009, based on 
patent application number 10/724,1 13 which was a continuation of application No. 
09/610,889, filed on July 6, 2000 (now U.S. Patent No. 6,657,736), claiming priority to 
Israeli Patent Application No. 130874, filed July 9, 1999. The ' 405 patent is attached 
hereto as Exhibit A. 

9. Plaintiff Nova is the assignee of the '405 patent, as evidenced by records recorded in the 
USPTO, and is the real party in interest in this case. The Assignment was recorded in the 
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United States Patent and Trademark Office as of December 6, 2000, in connection with 
parent application no. 09/610,889, on Reel 01 1632, Frame 0734. 

10. When the USPTO issued the £ 405 patent on January 1 3, 2009, it erroneously calculated 
the entitled patent term adjustment ("PTA") for the '405 patent as 472 days. Had the 
USPTO calculated the entitled patent term adjustment properly, the '405 patent would be 
entitled to 1,131 days of patent term adjustment. 

1 1 . The errors in the USPTO's patent term adjustment calculations, in part, are detailed in a 
recent order from the U. S. District Court for the District of Columbia in an action titled 
Wyeth v. Dudas, 580 F. Supp. 2d 138 (D.D.C. Sept. 30, 2008), where the Court granted 
summary judgment against the USPTO, holding that the USPTO's patent term adjustment 
calculation methodology was erroneous as a matter of law and inconsistent with the 
Patent Statute. 

12. The correct patent term adjustment methodology identified in the prior Wyeth v. Dudas 
action governs the USPTO's calculation of patent term adjustment for Plaintiffs '405 
patent. 

13. Other errors in the USPTO determination were also made in calculating prosecution 
delay under 35 U.S.C. § 154 (b)(2)(B) or (C), which are independent of the error of the 
kind found in 'Wyeth v. Dudas. 

IV. COUNT I: U.S. PATENT NO. 7,477,405 

14. Plaintiff incorporates by reference the allegations in paragraphs 1-13 above, as if fully set 
forth herein. 
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1 5. During prosecution of the '405 patent, the patent owner accrued 680 days of patent term 
adjustment under 35 USC § 154(b)(1)(A), and accrued 774 days of patent term 
adjustment under 35 USC 154(b)(1)(B). 

16. Under the USPTO's interpretation of 35 USC § 154, all PTA accrued under 35 U.S.C. 

§1 54(b)(1)(A) and all PTA accrued under 35 USC § 1 54(b)(1)(B) overlap and, thus, it has 
been the USPTO position that a patent holder is only eligible for the larger of these two 
amounts of PTA, 774 days. For the '405 patent, the USPTO erroneously limited the 
patent term adjustment for the '405 patent to 472 days {see calculation in paragraph 24, 
below), as shown on the face of the '405 patent. 

17. In view of a recent decision from this Court {Wyeth v. Dudas, supra), all days on which 
35 USC 154(b)(1)(A) or 35 USC 154(b)(1)(B) apply should accrue patent term 
adjustment for the '405 patent, except for any days that are actual calendar days overlap. 

1 8. Each day from the day after February 1 } 2005 (14 months from the Filing or 371 (c) date) 

. through to the issuance of a Non-Final Office Action on May 3, 2006 (456 days), and the 
period of time from October 13, 2006 - four months after the reply of June 1 3, 2006 - 
until May 25, 2007 - the mailing of the next action (224 days), qualify for patent term 
adjustment under 35 U.S.C. § 154(b)(1)(A), a total of 680 days. 

19. Furthermore, each day from the day after December 1, 2006 (3 years after the 371(c) 
date,) through to the date of issue on January 13, 2009, qualify for patent term adjustment 
under 35 U.S.C. § 154(b)(1)(B), a total of 774 days. 

20. Under the interpretation of this Court {Wyeth v. Dudas, supra), the only period of actual 
calendar days overlap between the time periods of delay calculated under 35 U.S.C. § 
154(b)(1)(A) and 35 U.S.C. § 154(b)(1)(B) is from December 1, 2006, until May 25, 
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20 07 5 which amounts to 175 days, and the total USPTO prosecution delay is accordingly 
680 + 774 - 175 = 1 ,279 days, minus any period attributed to disclaimed term or 
applicant's delay, 35 U.S.C. § (154(b)(2)(B) or (C). 

21 . The USPTO attributed a total of 302 days to applicant's prosecution delay under 35 USC 
154(b)(2)(B) or (C) (see printout of USPTO database for calculation of Patent Term 
Adjustment attached as Exhibit B). This calculation is incorrect. Specifically, the 
USPTO included 1 1 8 days delay for responding to the restriction requirement mailed on 
May 3, 2006 (from May 3, 2006, until November 29, 2006), and 36 days attributable to a 
supplemental response purportedly filed by applicant on January 4, 2007. 

22. However, on June 13, 2006, applicant filed a response to the restriction requirement. On 
November 29, 2006, and then again on January 4, 2007, applicant filed a communication 
bringing this filing to the USPTO's attention. In the Decision issued on May 24, 2007, 
the USPTO correctly held that the response to the restriction requirement was originally 
filed on June 13, 2006, and it would be treated as if filed on that date. See Decision, 
attached as Exhibit C. 

23. Accordingly, no days of delay should have been attributed to applicant in connection with 
the filing on June 13, 2006, and the correct total period of delay attributable to applicant 
is 87+61=148 days. 

24. Under the USPTO's interpretation, the USPTO had calculated an erroneous patent term 
adjustment of 774-302 = 472 days. 

25. It is accordingly believed that the overall patent term adjustment accrued by the patent 
holder is 1,279-148 = 1,131 days, and the patent holder accordingly requests 1,131 - 472 
= 659 ADDITIONAL days of patent term adjustment. 
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WHEREFORE, Plaintiff respectfully prays that this Court: 



A. 



Issue an Order changing the period of patent term adjustment for the '405 patent 



term from 472 days to 1,131 days and requiring Defendant to alter the terms of the '405 patent to 



reflect the 1,131 days of actual patent term adjustment due the '405 patent. 



Grant such other and further relief as the nature of the case may admit or require 



and as may be just and equitable. 



Respectfully submitted, 

NOVA MEASURING INSTRUMENTS, LTD. 



Roger L. Browdy (DC Bar No. 164,251) 
Ronni S. Jillions (DC Bar No. 375,817) 
BROWDY AND NEIMARK, P.L.L.C 
624 Ninth Street, N.W. 
Washington, DC 20001 
Tel.: (202)628-5197 
Fax: (202)737-3528 
Email: rlbrowdv@browdyneimark.com 
rsiillions@browdyneimark.com 

Attorneys for Plaintiff 





BROWDY AND NEIMARK, P.L.L.C. 
624 Ninth Street, NW 
Washington, DC 20001 
(202) 202-628-5197 
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ABSTRACT 



A measurement method and system configured to determine 
parameters of a structure during production, the system 
including: a stage configured to support the structure during 
measurements; a measuring unit coupled to the stage; and a 
processor coupled to the measuring unit. The measuring unit 
includes: an illumination system configured to direct incident 
light of substantially broad wavelengths band toward a sur- 
face of the structure during measurements; and a detection 
system coupled to the illumination system and configured to 
detect light propagating from the surface of the structure 
during measurements. The measuring unit is configured to 
generate one or more output signals in response to the 
detected light during measurements. The processor is config- 
ured to determine the parameters of the structure from the one 
or more output signals during measurements. The parameters 
include a critical dimension of the structure and a layer char- 
acteristic of the structure. 
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METHOD AND SYSTEM FOR MEASURING fraction efficiency is a complicated function of the grating 

PATTERNED STRUCTURES line profile and of the measurement conditions, such as the 

wavelength, the angle of incidence, the polarization and the 
CROSS REFERENCE TO RELATED diffraction order. Thus, it is possible to gather a wealth of data 

.APPLICATION 5 thereby al lowing the extraction of information about the line 

profile. 

This application is a continuation of application Ser. No. Techniques that utilize the principles of scatterometry and 

09/610,889, filed Jul. 6. 2000, now U.S. Pat. No. 6,657,736. are aimed at the characterization of three-dimensional grating 

structures and the determination of line profiles have been 
FIELD OF THE INVENTION io disclosed in numerous publications. Publications, in which 

diffraction efficiency was measured versus wavelength, 
This invention is in the field of measurement techniques, include, for example the following: 
and relates to an optical system and method for the accurate (1)A. Roger and D. Maystre, J. Opt. Soc. Am, 70 (1 2), pp. 

measurement of parameters of regular patterned structures. 1483-1495 (1979) and A. Roger and D. Maystre, Optica Acta, 
The invention is particularly useful in controlling a lithogra- 15 26 (4). pp. 447-460 (1979) describe and systematically ana- 
phy process. )y Ze the problem of reconstruction of the line profile of a 

grating from its diffraction properties (the inverse scattering 
BACKGROUND OF THE INVENTION problem). A later article "Grating Profile Reconstruction by 

an Inverse Scattering Method\ A. Roger and M. Breidne. 
Lithography is widely used in various industrial applica- 20 Optics Comm.. 35 (3), pp. 299-302 (1980) discloses how the 
tions, including the manufacture of integrated circuits, flat idea disclosed in the above articles can be experimental ly 
panel displays, micro-electro-mechanical systems, micro-op- use d. The experimental results show that the line profile can 
tical systems etc. Generally speaking, the lithography process be fitted such that the calculated diffraction efficicncv will 
is used for producing a patterned structure. During the manu- closely match the diffraction efficiency measured as a'func- 
facture of integrated circuits, a semiconductor wafer under- 25 lion 0 f wavelength for "-1 " diffraction order. The comparison 
goes a sequence of lithography-etching steps to produce a 0 f these experimental results with electron microscopy mea- 
plurality of spaced-apart stacks, each formed by a plurality of surement showed a reasonable agreement, 
different layers having different optical properties. Each (2) "Reconstruction of the Profile of Gold Wire Gratings: A 

lithography procedure applied to the wafer results in the comparison of Different Methods" \ H. Lochbihler et. al. . 
pattern on the uppermost layer formed by a plurality of 30 ()ptik, 98 (1), pp. 21-25 (1994) deals with the comparison of 
spaced-apart photoresist regions. me results 0 f seve ral experimental techniques. Both optical 

To assure the performance of the manufactured products, transmittance and reflectance efficiencies were measured in 
the applications of the kind specified above require accurate the "0" order as a function of wavelength. By fitting the 
control of the dimensions of the sub-micron features of the measurements to theoretical spectra calculated using diffrac- 
obtained pattern. When dealing with wafers, the most fre- 35 tion theory, the grating profile was found. Comparison of 
quently used dimensions are the layer thickness and the so- these results with the results of X-rav diffraction efficiency 
called "critical dimension" (CD). CD is the smallest trans- an d electron microscopv showed a good agreement, 
verse dimension of the developed photoresist, usually the (3) Voskovtsova, L. M. et al. , Soviet Journal of Optical 

width of the finest lines and spaces between these lines . Since Technology 60 (9) pp. 6 1 7- 1 9 ( 1 993) studies the properties of 
the topography of the measured features is rarely an ideal 40 gratings fabricated by replica technique. It has been found 
square, additional information found in the height profile, that the line profile of the hologram diffraction grating differs 
such as slopes, curves etc., may also be valuable in order to from the calculated sinusoidal profile. This difference leads to 
improve the control of the fabrication process. a difference in the spectral diffraction efficiency, an effect that 

Generally, an ordinary optical microscope can be used for was utilized for process control, 
measuring features' dimensions. A microscope is practically 45 (4) Savitskii, G. M. and Gblubenko, 1. V., Optics and Spec- 
capable of measuring line width with a resolution of no less troscopy 59 (2), pp. 251-4 (1985) describes a theory for the 
than 0.1 um. The current high-performance semiconductor reflection properties of diffraction gratings with a groove 
devices, however have features' dimensions of 0.18 um, and profile which is a trapezoid with rounded corners. Such grat- 
require CD measurement with the resolution of a few nanom- in gs can be fabricated by a holographic technique with pho- 
eters. 50 tosensitive materials. It was found that the parameters of the 

Several Optical CD (OCD) measurement techniques trapezoidal pro file, such as me depth of the groove, the width 
recently developed rely on imaging a certain test pattern of a flat top and the slope of the side walls, affect the diffrac- 
which is placed in a special test area of the wafer. These tion efficiency of the grating working in the auto collimation 
techniques utilize various methods aimed at amplifying tiny regime for the " order. 

differences in the line-width to obtain macroscopic effects 55 (5) Spikhal'skii A. A., Opt Commun 57 (6) pp. 375-379 
that could be resolved by visible light, although the original (1986) presents the analysis of the spectral characteristics of 
differences are more than two orders of magnitude below the gratings etched into a dielectric material. It has been found 
wavelength used. However, some of these techniques do not that these characteristics can be significantly varied by 
rely on fundamental physical effects, and thus could be more slightly changing the grating groove profile, 
effective in some cases and less effective in others. 60 (6)U.S. Pat. No. 5,867,276 discloses a technique for broad- 

Another kind of technique utilizes scatterometric measure- band scatterometry, consisting of the illumination of a sample 
ments. i.e., measurements of the characteristics of light scat- with an incident light beam having a broad spectral compo- 
tered by the sample. To this end. a test pattern in the form of sition and detecting a beam of light diffracted from the sample 
a grating is usually placed in the scribe line between the dies. with a spectrometer. The technique is aimed at obtaining the 
The measurement includes the illumination of the grating 65 spectrally- resolved diffraction characteristics of the sample 
with a beam of incident light and determining the diffraction for determining the parameters of the sample. The patent 
efficiency of the grating under various conditions. The dif- suffers from the following drawbacks: the measurements are 
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done in the "0" diffraction order which is insensitive to asyra- set of "fixed-line width and variable-pitch-width" test grat- 

metries in the profile; and the analysis is done using the ings is recorded. From this set of intensities, line- width can be 

Neural Network (N.N.) method, which is sub -optimal by calculated. 

nature for applications requiring a high resolution. Addition- Generally speaking, the conventional techniques use the 

ally, the method does not take into account the need to focus 5 following methodology in order to analyze the measured 

the light onto a small spot which is determined by the small results: 

area of the test structure allowed in the scribe line. p irstj a model is assumed for the grating profile having a 

According to another group of publications, a monochro- num ber of parameters that uniquely define the profile. The 

matic light source (e.g. laser) is utilized, and grating profile user defines ^ required model (type of model) and sets the 

parameters are extracted from the measurement of the dif- 10 ij m j ts and the required resolution for each of the desired 

fraction ciliciency versus incidence angle. Such publications parameters. 

include, for example the following: Second a spectral library is prepared using an optical 

(A) S. S. H. Naqvi et a!., J. Opt. Soc Am. A, U (9), moo^I. The spectraJ library contams the calculated spectra for 
2485-2493 (1994) discloses a technique that utilizes mea- alJ iWe profi]es as defined by ^ user 

surement of the diffraction efficiency in "0" order versus 15 Third, given a measured spectmm, a fitting procedure finds 

incidence angle to find the height of etched grating. Calcula- ^ profile whose calculated spectrum included in the spectral 

tions are based on the Rigorous Coupled Wave Theory library b«t matches the measured spectrum 

(RCWT), initially developed by Moharam and Gaylord and • 

disclosed in M G Moharam and T. K. Gaylord, J. Opt Soc SUMMARY OF THE INVENTION 

Am, 71, pp. 811-818 (1981), and several existing statistical 20 

techniques for the fitting stage. _ ,. . , . « . _ . t . 

(B) Raymond. J. R. et al., SPIE 3050. pp. 476-486 (1 997) ^ «jiccord.ngly a need in the art to facilitate the 
discloses a technique that utilizes a laser beam scanning with contro) oi * e m ™ fac, «' e of patterned structures by prov.d- 
a range of angles to measure the diffraction efficiency versus m * ™ 1 met «od and system for measurements m a pat- 
. .j , • 4 .. £i r A terned structure to determine a line profile of the structure, 
incidence angle and to extract the line profile from the mea- 25 ... . . . . r F ' 

sured data utilizing the pnnciples of scatterometry. 

SU (C) U.S*. Pat. Nos. 4.710.642 and 5,164,790 disclose opti- J** te ™ "P att strucrure" signifies a structure corn- 
eal instruments which require to rotate the sample under test, ?™ m $ a P^ 1 '^ of *paced-apart stacks (elements) each 
which is definitely a disadvantage. including different layers, the pattern being formed by pat- 
CD) U.S. Pat. Nos. 4,999,014; 5,889,593 and 5,703,692 30 terned re & oas 3,1(1 un-patterned regions. The term "pattern 
disclose instruments employing angle-dependent intensity "* i0 ?{ used he ™ Sl ^ fies 15 a rc & 0R deluding elements 
measurements without the requirement to rotate the sample. < stacks ) havm & d,fferem °P tlcal Properties, and the term "un- 
According to these techniques, different optical arrange- patterned region" signifies a region with substantially uni- 
ments are used for providins the changes of the anoje of ^ orm °P tlcal Properties, as compared to the patterned region, 
incidence of an illuminating monochromatic beam onto the 35 Su( ; h J an un-patterocd region is comprised of a single stack 
sample (wafer), without moving the sample. According to "^ding different layers having different optical properties. 
U.S. Pat. No. 5,703,692 : the measurement is carried out by ^ main .idea of the present invention is based on obtain- 
mechanically scanning the angle of incidence using a rotating in S measured data from at least two measurements applied to 
block. The main disadvantages of such a technique are as ^ e sams patterned structure (e.g., wafer) in order to achieve 
follows: it requires the use of moving parts, the calibration of 40 both accuracy and high reliability measurements. The 
an angle in a dynamical situation, and has a limited angle entire measurement procedure is carried out is several steps, 
range which does not provide enough information allowing taking a different measurement at each step. Analysis, like- 
accurate extraction of profile. According to U.S. Pat. No. wise, is performed in several steps, wherein each analysis step 
5,889,593, an optical arrangement includes a first lens that utilizes the information obtained in the previous steps. The 
serves for focusing incident light onto a wafer at a range of 45 two measurements could be applied at two different measure- 
angles, and a second lens that serves for focusing diffracted ment sites located, respectively, in patterned and un-pattemed 
light onto a detector array. Although this technique does not regions. The two measurements may be carried out so as to 
need any moving parts, since the measurements arc simulta- detect returned from the structure with different solid 
neous, special care has to be taken to destroy coherence and an S ,es of propagation, or with different states of polarization, 
avoid interference between the different light paths. Any suit- 50 According to the present invention, at least one parameter 
able component for destroying the coherence always reduces of the profile considered in an optical model used for mea- 
the system resolution, thereby reducing the amount of sureraents is determined by analyzing at lea stone preliminary 
obtained information. measurement applied to a predetermined site on the structure 
In a third group of publications, the diffraction efficiency is (wafer). The preliminary measurement is inherently different 
measured when both wavelength and incidence angle are 55 from further measurements by either the type of site under 
constant. In this case, information is extracted from the com- measurements or the measurement conditions (angle, polar- 
parison of diffraction efficiency of several orders. This group ization, wavelength range, diffraction order, etc.). For 
of publications includes, for example, the following docu- example, the preliminary measurement utilizes normal inci- 
ments: dence of an illuminating beam, while the further measure- 

(I) U.S. Pat. No. 4,330,213 discloses a line-width measure- 60 ment utilizes oblique illumination. Data (parameters) 
ment system using a diffraction grating. In this system, the obtained through this preliminary measurement is used for 
intensities of first and second order light components are optimizing the fitting procedure, thereby improving further 
obtained to determine the line-width using empirical formu- measurements applied to other locations on the structure, 
lae. Preferably, the parameters obtained through the prelimi- 

(II) U.S. Pat. No. 5,361,1 37 discloses another example of 65 nary measurement include the reflectivity and thickness of al 
the use of a conventional scatterrometry technique. Here, a set least one layer underneath the uppermost layer. Additionally, 
of intensities of the "1" or "2" diffraction order image of the the at least one preliminary measurement allows for deter- 
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mining optical constants (i.e., refraction and absorption coef- of samples from each production lot, the system of the present 

ficientsn and k) and thickness of the regions of the uppermost invention may be integrated as part of the production 

layer. machine, thus allowing full automation of the manufacturing 

There is thus provided according to one aspect of the process. Forthis integration to be possible, the system should 

present invention, a method of determining a line profile in a 5 be very economical in space. 

patterned structure for controlling a process of manufacture Additionally, the operation of the system is fast enough, so 
thereof, wherein the patterned structure cornpri ses a plural ity that ever>' semiconductor wafer in the production line can be 
of different layers, the pattern in the structure being formed by measured, allowing closer control over the process. The sys- 
pattemed regions and un-pattemed regions, the method com- tem of the present invention enables a multi-stage measure- 
prising the steps of: 10 ment procedure, thereby improving the quality of the entire 
carrying out at least first and second measurements, each of measurement. The measurement technique according to the 
the measurements utilizing illumination of the structure invention requires only a small measurement site in accor- 
with a broad wavelengths band of incident light which is dance with the area constraints, which characterize current 
directed on the structure at a certain angle of incidence, lithography. 

detection of spectral characteristics of light returned 15 More specifically, the present invention is used for process 
from the structure, and generation of measured data control in the manufacture of semiconductor devices (wa- 
representative thereof; f ers ) 5 e .g., the control of a lithography process, and is there- 
analyzing the measured data obtained with the first mea- fore described below with respect to this application, 
surcment and determining at least one parameter of the - 
structure; and 20 BRIEF DESCRIPTION OF THE DRAWINGS 
analyzing the measured data obtained with the second 

measurement and utilizing said at least one parameter In order to understand the invention and to see how it may 

for determining the profile of the structure. be carried out in practice, a preferred embodiment will now be 

According to another aspect of the present invention, there described, by way of non-limiting example only, with refer- 

is provided a measurement system for determining a line 25 ence to the accompanying drawings, in which: 

profile in a patterned structure comprising a plurality of dif- FIG. 1 is a schematic illustration of a wafer structure; 

ferent layers, the pattern in the structure being formed by F JGS. 2A and 2B are schematic illustrations of two pos- 

patlemed regions and un-palterned regions, the system com- sible examples, respectively of the line profile showing some 

prising a measuring unit including an illumination assembly parameters thereof to be measured- 

and o collecfion^etection assembly and a control unit 30 FIG. 3 is a schematic illustration of the main components 

coupled f to output of the measuring unit, wherein: of a . measurement system constructed according to one 

the illumination assembly produces incident light of sub- embodiment of the invention: 

stantially broad wavelengths band directed onto the A ■ . ^ .„ * 

^ ^ 1 . ^ • i r -j j.u 11 HG. 4 is a schematic illustration of the main components 

structure at a certain angle of incidence, and the collec- ^ f « . 4 , , 

• j » *■ t« * * , . . of a measurement system constructed according to another 

Uon-detection assembly detects spectral characteristics 35 , r , / . B 

.... . , r i * , j 4 embodiment of the invention: 

ol light returned from the structure and generates mea- „ T/ ^ ^. , . * 

sured data representative thereof FIG ' 5 15 a ^ hema ^ c illustration of the mam components 

memeasurmgimitisoperableforcarryingoutatleastfirst ° f a u me a~ent system constructed according to yet 

andsecondmeasurementsandgeneratingmeasureddata another embodiment of * e invention; 

representative of the detected returned light: and 40 FIG ; 6 1S a schemalic illustration of one more embodiment 

said control unit is operable to be responsive to the gener- °f the invention; 

ated measured data for analyzing the measured data FIG. 7 is an example of a part of a production line utilizing 

obtained with the first measurement to determine at least ^ system of either of FIGS. 3, 4, 5 and 6: 

one parameter of the structure, and utilizing the at least FIG. 8 illustrates another example of a production line 

one determined parameter while analyzing the measured 45 utilizing the system of either of FIGS. 3. 4. 5 and 6; and 

data obtained with the second measurement for deter- FIG. 9 is a schematic illustration of a system utilizing 

mining the line profile of the structure. several measurement systems according to the invention 

The scattcrometry based measurement technique provides using a common server utility, 
the collection of a large amount of data from each measured 

profile, e.g., the diffraction efficiency in a large number of 50 DETAILED DESCRIPTION OF A PREFERRED 

different angles or a large number of wavelengths. This rich- EMBODIMENT 
ness of data may allow the fitting of the measurements to the 

results of a mult i -parameter model describing the measured Referring to FIG. 1, there is illustrated (not in a correct 

profile, thus providing more information than merely stating scale) a wafer W that typically has a plurality of stacks formed 

the CD. This additional information also provides confidence 55 by different layers, and presents a structure with a periodic 

in the results, particularly if the effective number of indepen- pattern. Measurements are aimed at determining the profile of 

dent measured values is significantly larger than the number the periodic pattern ("grating") formed in one or more of the 

of free parameters in the model . Since exact models describ- wafer's layers — layer 2 in the present example. Generally, the 

ing diffraction from general profiles and in general situations periodic pattern may involve more than a single layer (which 

have been developed for years and are known to be of high 60 are not specifically shown here), provided that the periodicity 

accuracy, these methods have a good chance of obtaining in all patterned layers is equivalent. This periodicity may be 

accurate results. either one-dimensional (i.e. repeated lines) or two-dimen- 

The system according to the invention can be applied as an sional periodicity (i.e. finite-area units repeatedly placed on 

integrated metrology tool. In contrast to all conventionally the nodes of a two-dimensional grid). The patterned layer is 

used off-line measurement tools, occupying a large footprint 65 enclosed between a plurality of un-pattemed, underlying lay- 

and requiring additional manual operations that slow down ers 3o and a plurality of un-patterned. over-lying layers 36 

the entire fabrication process and allow only the measurement terminated by a background medium 3c (e.g. air). 
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The patterned layer 2 may include both patterned and un- 
pattemed sites. In the un-patterned site, e.g. L„ L 3 , a single 
material,, either M a or M fr , is to be found within an area larger 
than the area of the measurement spot. As to the patterned site, 
e.g. L 2 , both materials M a and M A , having different optical 
constants, are to be repeatedly found within the area of the 
measurement spot. In specific applications, materials M a and 
M b may take different identities. For example, both the mate- 
rials of all over-lying layers and one of the materials M a and 
are identical to the background medium, .e. : the measured 
pattern is a relief pattern. Such a relief pattern could be 
formed, for example, by a post-developed photoresist, or by a 
post-etched Poly-Silicon, Aluminum or Silicon dioxide, 
either stacked with photoresist or not. Examples in which 
none of the materials M a and M 6 is equivalent to the back- 
ground medium may include post-exposure (undeveloped) 
photoresist, or "dual-damascene" type Copper lines. An 
example of two-dimensional periodicity would be a two- 
dimensional array of via-holes formed as a test pattern in 
order to measure the diameter and other parameters of the 
via-hole process. 

Usually, the smallest transverse dimension of the pattern is 
called the "critical dimension" (CD), however other defini- 
tions of the CD may be also applied Usually, the CD of the 
developed photoresist determines the CD of the patterns 
formed in later stages of the entire manufacturing process, 
thus bearing extra importance. 

The model of the periodic structure will depend on the 
specific application and on the requirements of the end-user. 
For example, FIG. 2A illustrates a graph G, exemplifying a 
possible model for line profile, being trapezoidal with 
rounded corners. In this case, the parameters to be determined 
may include the following: 

height H of the profile G (i.e., the thickness of the photo- 
resist); 

critical dimensions CD^ and CD r at the bottom and top of 

the photoresist region, respectively; 
radius K B and R r of the curvatures at the bottom and top of 

the photoresist region, respectively; and 
the period of grating. 

The above is the example of a symmetrical line profile. In 
the case of an asymmetrical profile, an additional tilt angle 
should also be determined. More elaborate models can also be 
used, e.g., by dividing the profile into several layers, each 
layer described by a geometric shape (e.g., trapeze), while 
requiring matching of the profile width in the interfaces 
between layers. This is exemplified in FIG. 2B showing a 
two-part trapezoidal line profile G 2 formed by top and bottom 
trapezoids G (i ° 2 and G (7 ^ 2 . In this case, the parameters to be 
determined may, for example, include the following: 

total height H to , of an envelope E defined by the profile G 2 

(i.e., the thickness of the photoresist); 
the average value of the critical dimension CD aver corre- 
sponding to the width of the envelope E at a height H 0 
equal to the half of the total height H wr ; 
radius R of the curvature at the top of the photoresist 
region; 

the till of the envelope a with respect to the horizontal 
plane P; 

the maximal distance t between the profile G 2 and the 

envelope defined thereby; 
the height H b of the bottom-part trapezoid G (B} 2 ; and 
the period of grating. 

Measurement is based on obtaining the diffraction effi- 
ciency spectrum from a grating on the wafer. The grating is 
any periodic structure in one or two dimensions composed of 
features whose parameters should be measured, e.g. line- 
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width, through holes diameters, etc. Due to the periodic struc- 
ture, the diffraction from the features on the wafer is limited 
to a discrete number of angles (diffraction orders), as gov- 
erned by the diffraction equation: 

5 

sin0, = sin (1) 
d 

10 

where 0,. is the incidence angle. 0 r is the reflected angle, >. is 
the wavelength, d is the grating period and n is the order 
number (nK) being the specular reflection). 

It should be noted that the measured gratings could be 
1 5 either an integral part of the operative portion of the wafer or 
a test pattern. Such small test structures which are typically 
smaller than 40 umx40 um are measured using a focusing 
optics. 

Reference is made to FIG. 3, illustrating a measurement 

20 system 1 constructed and operated according to the invention 
for measuring parameters of a wafer W (constituting a pat- 
terned structure). The system 1 includes a measurement unit 
4, a support stage 5 for supporting the wafer W and a control 
unit 6. Also provided in the system 1, is a wafer handler 

25 which is not specifically shown. The wafer handler serves for 
loading/unloading wafers to and from the stage 5, and may 
include a suction means for holding the wafer. Generally 
speaking, the wafer handler and wafer stage serve together for 
receiving wafers from a processing tool (not shown here). 

30 pre -aligning them along coordinate axes (e.g., by rotating the 
handler), maintaining, placing in a measuring position and 
returning them to the same or another processing tool. 

The measurement unit 4 defines two measurement chan- 
nels, generally at 8a and 86, respectively. Each measurement 

35 channel includes such main constructional parts as illumina- 
tion and collection-detection assemblies. 

The illurnination assembly of the channel 8a is composed 
of a light source 10, for example a Xenon arc lamp, a con- 
trolled polarizer 11, a beam splitter 12 and an objective lens 

40 14 that is driven by a suitable motor (not shown) for auto- 
focusing purposes. The light source 10 generates incident 
light B (1) , of a broad wavelength band. The polarizer 1 1 serves 
to separate only light components of the desired polarization 
and allow its collection. The beam splitter 12 serves for spa- 

45 tially separating incident and returned light components. It 
should be noted that the polarizer could be accommodated in 
any point along the optical path. However, in order to avoid 
possible changes in the polarization state of light induced by 
optical elements located between the polarizer and the wafer, 

50 the polarizer is preferably positioned as close as possible to 
the wafer. The collection-detection assembly of the channel 
Sa includes a spectrophotometric detector 16 and a beam 
splitter 17 in the form of a pinhole mirror, the purpose of 
which will be explained further below. As shown, an addi- 

55 tional polarizer 15a may be accommodated in the optical path 
of light ensuing from the pinhole mirror 17 and propagating 
towards the detector 16. In the measurement channel 8a, the 
incident light B (1) , normally impinges onto the wafer W, and 
light B (1) „ specularly reflected (normal "0" order), is col- 

60 lected and directed towards the detector 16, in a manner 
described further below. 

The illumination assembly of the measurement channel 8b 
is composed of a light source 18 (e.g., the same Xenon arc 
lamp) generating incident light B (2) , of a broad wavelength 

65 band, an objective lens 20 which is similarly associated with 
a suitable drive (not shown) for auto-focusing purposes, and 
a controlled polarizer 21. The collection -detection assembly 
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of the channel Sb includes a collecting lens 22. a spectropho- 
tometric detector 24 and. optionally, a controlled polarizer 23 
(shown in dashed lines). The incident light B (2) , impinges 
onto the wafer W at a certain angle (e.g.. 60°), and a specu- 
larly reflected light component B (2) r (oblique "0" order) is 
delected. It should be noted that alternatively, either one of the 
polarizers 21 and 23 or both of thera could be used in the 
measurement channel Sh The provision of the polarizer, 
included in either one of illumination and collection-detec- 
tion channels, or both is associated with the fact that diffrac- 
tion efficiency is also a function of polarization, resulting in 
inherently different diffraction efficiency spectra in "perpen- 
dicular" polarizations. Additionally, the appropriate selection 
of light polarization may provide better sensitivity to param- 
eters of the line profile. Assume, for example, that the so- 
called "conventional mounting" of the illumination assembly, 
namely such that the oblique incident beam B (2) , propagates 
towards the wafer in a plane perpendicular to the lines of the 
grating. If a dielectric pattern in measured (e.g., post-devel- 
oped photoresist, post-etch silicon or post-etch oxide), re- 
polarization is preferred, i.e., the vector of the electric field is 
perpendicular to the plane of incidence and parallel to the 
grating lines. If post-etching measurement is performed on a 
metallic patterned structure, TM-poIarization is preferred, 
i.e., the vector of the electric field lies in the plane of incidence 
and is perpendicular to the grating lines. 

It should be noted, although not specifically shown, that 
optical fibers may be used for directing light components 
ensuing from the pinhole mirror 17 and lens 22 to the detec- 
tors 16 and 24, respectively. Hence, the detectors could be 
mounted at any suitable location. A suitable drive assembly is 
provided for moving the optical elements in the X-Y, thereby 
enabling the measurements at different locations on the 
wafer. Additionally, the wafer stage 5 is also equipped with a 
drive assembly (not shown), which allows for aligning the 
wafer along the Z-axis, rotating the wafer in the horizontal 
plane, and leveling the wafer around two rotational axes such 
that the surface of the wafer will be parallel to the X-Y plane 
of the optical elements. The requirement for the leveling is 
derived from the sensitivity of the measurements to the angle 
of incidence. The requirement for rotating the wafer in the 
horizontal plane (so-called "0-control") is derived from the 
fact that the diffraction depends on the mounting direction. 
Thus, in order to bring the wafer to the so-called "conven- 
tional mounting" position, this degree of freedom is required. 
Additionally, this degree of freedom allows for using a win- 
dow that covers only a half of the wafer. Hence, the two halves 
of the wafer are sequentially measured by rotating the wafer 
by 1 80° with respect to the window. This concept is described 
in a co-pending application assigned to the assignee of the 
present application. Such a technique enables to save consid- 
erable foot print area which is a critical factor when using a 
measurement system as an integrated metrology tool. 

It should also be noted that the system 1 could be provided 
with a dynamic auto-focusing assembly enabling high-speed 
measurements. Auto-focusing could be performed either with 
each measurement channel separately, by moving one or 
more of its optical elements (lenses), or with both measure- 
ment channels, using the wafer stage Z-axis control. 

As further shown in FIG. 3, an additional, imaging channel 
.26 is provided. Channel 26 includes the illumination assem- 
bly of the "normal incidence" channel 8a, a polarizer 15b and 
an imaging detector 30 (e.g., a CCD camera) receiving light 
components reflected from the pinhole mirror 17. 

The polarizers 15a and 15Z> are used in the collection- 
detection assemblies of the measurement channel 8a and 
imaging channel 26. Alternatively, a single polarizer 13 
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(shown in dashed lines) could substitute the polarizers 11. 
1 5a and 156. While, the option of using the single polarizer 1 3 
is more economical in price and space as compared to the 
option of using three polarizers 11, 15a and 15b, the use of 

5 three separate polarizers allows for measuring in the preferred 
polarization whilst observing the wafer surface with the 
imaging channel through perpendicular polarization. This 
configuration, called "Nomarski". is similar to dark-field con- 
figuration in the sense that the pattern edges are strongly 

10 enhanced in the image, thus allowing for better, more accurate 
pattern recognition in some cases. The polarizer 15b in the 
imaging channel 26 could thus be mounted for rotation so as 
to change its preferred polarization, or for shifting between its 
two operational positions so as to be in or out of the optical 

15 path, per user's choice. 

The main principles of the construction and operation of a 
measurement system including the zero-order detection spec- 
trophotometer (measurement channel 8a) and the imaging 
channel 26 is disclosed in U.S. patent application Ser. No. 

20 08/497,382, assigned to the assignee of the present applica- 
tion. This document is therefore incorporated herein by ref- 
erence with respect to this specific example. 

The pinhole mirror 17 separates a central part B (l) rl (about 

25 20 ujn) of light B (1) r specularly reflected from the illuminated 
spot and collected by the lens 14, and allows its propagation 
towards the spectrophotometric detector 1 6. A periphery part 
B (1) r2 of light B (l) r is reflected from the mirror 17 towards the 
imaging detector 30. As a result, the measurement area, con- 

J0 sidered in the spectrophotometric detector 16, presents a 
"dark" central region, typically 40 urn in diameter, in the 
center of the field of view of the imaging channel, typically 
being 20 mmx20 mm, both measured on the wafer. This 
approach enables to locate the measurement area in the entire 

35 illuminated spot defined by the field of view of the CCD. 
The outputs of the spectrophotometric detectors 16 and 24 
and the imaging detector 30 are coupled to the control unit 6. 
The control unit 6 is typically a computer device having a 
memory for storing reference data (libraries), one or more 

40 processors for analyzing data coming from the detectors and 
controlling all the operations of the measurement system 1 
including driver(s), light sources, power supply, interface, 
etc. The preparation of libraries will be described further 
below. The control unit 6 also displays the measurement 

45 results. The processor is operated by suitable image process- 
ing and pattern recognition software, capable of both global 
and site-to-site alignment. The alignment technique based on 
the features of the pattern is disclosed in U.S. Pat. Nos. 
5,682.242 and 5,867,590, both assigned to the assignee of the 

50 present application. Thus, the control unit 6 is capable of 
locating and processing measurements. The analysis of the 
measured data could be used for establishing feedback 
closed-loop control of a corresponding processing tool, as 
will be described further below. 

55 Another feature of the present invention consists of the 
optional use of a second spectrophotometer for calibrating the 
light sources' spectra. It is known that several types of light 
sources have spectral characteristics varying in time. Thus, 
any previous measurement (calibration) of the incident spec- 

60 trum will lead to significant errors in interpretation. By taking 
a known fraction of the incident light (e.g., in channel 8a, the 
signal reflected by the beam splitter) and measuring its spec- 
tral characteristics simultaneously with the measurement of 
the diffraction signal, this problem can be avoided. Altema- 

65 lively, a photodiode whose output has been previously 
learned could be used to calibrate for intensity variations, 
assuming the relative spectrum to be constant. 
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Reference is made to FIG. 4 illustrating a measurement Referring now to FIG. 6. there is illustrated a measurement 
system 100, constructed and operated according to another system 300, where the collection-detection means of the nor- 
embodiment of the invention. To facilitate understanding. mal "0" order" and order form a unified collection 
same reference numbers are used for identifying those com- channel 8\ utilizing a common objective lens 14' and a com- 
ponents which are identical in the system 1 and 100. In the 5 mon spectrophotometric detector 16. To this end, both lens 
system 100. a measurement channel 34 collecting a light 14' and lens 20* have a larger numerical aperture, as compared 
component of " diffraction order is provided instead of the to their counterparts in the previously described systems . An 
oblique "0" order measurement channel 8b The illumination aperture 38 is provided, being mounted for movement along 
assembly of the measurement channel 34 includes the light the lens 14* in a plane parallel thereto. Each location of the 
source 18, the polarizer 2 1 and the objective lens 20, while its 10 aperture 38 (locations I, II and III in the present example) 
collection-detection assembly includes a linear detector array "opens" only a small part of lens 14'. Thus, at each position of 
36, for example, a plurality of photodiodes and an optical the aperture 38, only light components propagating within a 
light guiding assembly 37 (e.g., fiber bundle, set of prisms or solid angle defined by the aperture, and therefore being only 
combination of both). Here, each of the lenses is of a small a small part of the entire solid angle covered by lens 14', are 
numerical aperture (NA-0.1) providing the angles of light 15 directed towards the detector 16. Since the diffraction angle 
propagation within a range of ±5°. In this specific example, 0 r in non-zero orders is determined by both the incidence 
the angle of incidence of the light component B (2) , is about angle and the wavelength, and through the diffraction equa- 
60°, and light components B^V, being the "-I" order of tion (1) above, fixing the diffraction angle means that the 
diffraction from the wafer propagate within a large solid incident angle is a function of the wavelength. For a fixed 
angle, e.g., 50°, and are collected by the linear detector array 20 collection angle B r and n=-l , one thus has: 
36. Hie optionally provided light -guiding assembly 37 serves 
for transferring the light diffracted in the "-1" order from the 

vicinity of the wafer W to a remote location of the detector _ . r . _ A i (2) 

, . n ....... . 0; = area n sin 0, + - 

array 36, thus allowing some flexibility in its location. 1 d J 

The measurement channel 34, in distinction to the channel 25 

86, does not need a spectrophotometer. Indeed, the photore- obtained spe ctrum is thus inherently different from 

sist grating already disperses the light diffracted in the 1 " mose obtained by prior art techniques, since, in distinction to 

order, and therefore there is no need for any additional dis- these techniques, neither the angle of incidence nor the wave- 

persive element in the system. However, it is also possible to length is fixed The measurement system according to the 

use the light-guiding assembly for focusing light collected at 30 present mvent j on ^ ]ov/s for a multiplicity of diffraction 

the " order to the entrance of a spectrophotometer, thus angles 0 ^ and for inC reasing the amount of information that 

converging and re-dispersing the optical signal. This configu- can ^ C0 Hected, as well as the accuracy and reliability of the 

ration together with an appropriate switching device (not results. 

shown) will eliminate the use of the special detector array 36 M tQ ^ nomal „ 0 „ orferj \ s succcssftlI , v collc ct c d 

for detecting the order by using the same spectropho- 35 ^ ^ ^ Jg fe shjfted ^ as , 0 te ^ with , he 

tometer 1 6 for sequential measurement of both V and -1 jca , axis of ^ , ens u , (poMsm ln) and iU umi nation 

orders. The use of one or more switching devices of the same from ^ „ . , XUKe w js used ins)ead of ^ of the Ught 

kind would allow the utilization of a single spectrophotom- source 18 

eter for all the measurement channels 8a, 8b and 34. Reference is made to FIG. 7. showing a part of the wafers* 

It should be noted that if the resulting signal is not suffi- production line utilizing the measurement system of the 

ciently strong, a cylindrical lens (anamorphic optics) could be present invention. Here, the measurement system, for 

used to concentrate more energy onto the detector. Addition- example the system 1, is associated with a lithography 

ally in order to detect the spatial distribution of different arrangement 40. This arrangement 40 tvpically includes 

wavelengths within the solid angle corresponding to the "-1" coatefj and developer tools T„ T 2 andT 3 , loading 

diffraction order, an appropriate calibration procedure is pre- and unloading cassette stations C, and C 2 . and a robot R. The 

viously carried out, for example, by using spectral filters, or construction and operation of such a lithography arrangement 

by finding spectral peaks of the light source using a calibra- are per SCj ^ there fore need not be specifically 

tion target having sufficiently smooth diffraction efficiency in described. 

a spectral region around the peaks. 5Q In me presen t example, the system 1 is integrated with the 
Turning back to the diffraction equation presented above, arrangement 40, and is accommodated in a manner allowing 
the configuration of FIG. 4 allows for collecting, for example, j ts application to a wafer ensuing from the developer tool T 3 . 
the following wavelength ranges : (a) in the case that d=0.36 control unit of the invented system is coupled to a control 
um, 344 nm<X<606 nm, or (b) in the case that d=0.26 um, 248 urut Q f me exposure tool T 2 (not shown) for feedback pur- 
nm<A<438 nm, both cases correspond to 0 r =<-5°)-(-55 o ). 55 poseS; for example for adjusting the exposure dose/time, 
The above wavelength ranges are, on the one hand, suffi- focusing, etc. It should, however, be noted that the system 1 
ciently wide (i.e., ^ ma J^ min ~\ 76) and substantially outside could also be coupled to the coater and/or developer tool for 
the DUV region, and, on the other hand, approach the follow- adjusting their parameters (e.g. , photoresist thickness, post - 
ing condition: X=d.This allows formeamngful information to exposure baking time, development time, etc.) prior to pro- 
be gained. 60 cessing the next coming wafer. As for the measured wafer, it 

FIG. 5 illustrates a measurement system 200 which can be returned for reprocessing, if needed, 

includes three measurement channels — channel 8a (normal It should also be noted that data indicative of the wafer's 

"0" order), channel 8b (oblique **0" order) and channel 34 profile can be used for adjusting the parameters of an etching 

order), and the imaging channel 26. For simplicity, the tool prior to its application to the measured wafer or the next 

different polarizers are not shown here. This configuration 65 coming wafer, i.e., for feed-forward purposes. Alternatively 

combines the measurement channels of the systems 1 and or additionally, the measurement system can be used for 

100, thus increasing the amount of obtainable information. post-etching measurement. 
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FIG. 8 shows another example of a production line utilizing 
the measurement system of the present invention, for example 
the system 1 . Here, the measurement system is integrated into 
a complete CD control system 500. The system 500 includes 
the following components: 

a system 60 for measuring the parameters of the photoresist 
and of the under-lying layers prior to exposure, which 
system is composed of a measuring unit 61 and a control 
unit 62: 

the system 1 for measuring CD and other profile param- 
eters, which system comprises the measuring unit 4 and 
the control unit 6; 

a set of controllers 71, 72, 73 for controlling tools T lt T 2 , 
T 3 , respectively, of the lithography arrangement; and 

a system controller 80. 

The main idea of the system 500 is that information from 
both pre-exposure and post-develop stages is combined, 
allowing for a complete closed-loop-control utilizing both 
feedback and feed forward. The operation of the system 500 
is mainly guided by the controller 80, which receives infor- 
mation from both systems 60 and 1. An expert system, which 
is a learning software tool running on the controller 80, accu- 
mulates the information from different measurements (across 
the wafer, wafer to wafer, etc.) and learns the correlation 
between pre-exposure and post-develop measurement. The 
expert system also learns the effectiveness of using different 
control parameters related to tools T 1 , T 2 , T 3 , in the reduction 
of variations in the resulting CD and the methods to combine 
them in the most effective way. 

One of the features, that the system 1 (or similarly systems 
100. 200, 300) will require in order to be effectively inte- 
grated into the system 500, is OCR (optical character recog- 
nition) capability for identifying each wafer by its identity 
number. Identifying the. wafers in a deterministic way is 
important for the reliability of the system. controller 80, as 
well as for the integration of system 500 with post-etch mea- 
surements carried out on other processing tools in the fab 
through a common communication network or database. 
OCR capability could be achieved either by scanning the area 
containing the identity number using the X-Y stage and the 
viewing channel 26, or, alternatively, by a special OCR chan- 
nel (which is not specifically shown). Such an OCR channel 
may include a CCD camera, imaging optics, and a controller 
runiiing OCR software. 

The operation of the measurement system according to the 
invention will now be described. Setup of the measurement 
includes the following two stages: 

1) Definition by the user of a profile model to be used and 
ranges for each parameter of the selected model. Addition- 
ally, knowledge about all the layers in the wafer and their 
optical properties, and any additional relevant information 
concerning the product (wafer) to be measured and/or the 
measurement conditions, is desired for defining the measure- 
ment sites. 

2) Preparation of a library of spectra (reference data) cor- 
responding to all the possible profiles. Each spectrum in the 
library provides the di ffraction efficiency for a given profile of 
the grating, given polarization, given angle of incidence and 
mounting method, given numerical aperture of the system, 
and a given diffraction order as a function of wavelength. 

An important feature of the present invention refers to the 
fact that one has to take into account the finite numerical 
aperture of the system. This numerical aperture, required for 
measuring small sites, means that light is incident on the 
wafer at a considerable range of angles at the same time. Since 
diffraction efficiency is a sensitive fiinction of the incident 
angle, failing to consider this fact will result in significant 



30 



40 



55 



60 



65 



error. In order to take this effect into consideration, one can 
calculate the diffraction efficiency from each profile at several 
angles of incidence around the central one (i.e.. the average 
direction of the solid angle of light propagation). Then, the 
weighted average of diffraction efficiency spectra at the dif- 
ferent angles will be calculated in order to obtain the effective 
diffraction efficiency for the entire cone (solid angle) of 
angles of incidence. For example, in a system having the 
central angle of incidence equal to 60°, the diffraction effi- 
ciency corresponding to 57°. 60° and 63° angles of incidence 
could be calculated, and then weighted with respective 
weights of 0.25, 0.5 and 0.25. The fact that a small number 
(e.g., three) of such angles is sufficient to describe a con- 
tinuum of angles is not trivial, and the selection of the number, 
spacing and averaging of the different angles may be appli- 
cation dependent. 

The calculation is made using the known Rigorous Couple 
Wave Analysis method, modal methods, or by a hybrid . 
method containing parts of both previous methods. 

The preparation of the library may be made in one or more 
stages. For example, the following scheme may be used: 

(1 ) Initially, the spectra corresponding to a small number of 
profiles only are calculated, sparsely sampling the whole 
multi -dimensional space of possible profiles. 

(2) At this point, several measurements are taken and ana- 
lyzed using the initial library. Approximate average val- 
ues of the desired parameters are then determined, 
describing an approximate average profile of the grating. 

(3) A sub-space of possible profiles is defined around the 
average profile. The sub-space is sampled with the 
required (final) resolution, and the spectra of all profiles 
in the sub-space are calculated. Alternatively, the spectra 
in the sub-space can be calculated "upon request", i.e., 
when required for the interpretation of consecutive mea- 
surements. 

(4) The rest of the profile space is divided into sub-spaces 
with increasing distance in the parameter space from the 
average measurement. 

(5) These sub-spaces are consecutively sampled and their 
corresponding spectra are calculated until the whole 
parameter space is calculated in the final resolution. 

The advantage of the above scheme is that the continuous 
measurement can start already after step (3) thereby signifi- 
cantly saving the setup time. In fact, the above-described 
dynamic process of the library preparation allows to operate 
the system almost immediately after the recipe is prepared. 
Initially, the system will support only a reduced throughput, 
since it will have to rely mainly on slow, real-time spectrum 
calculations. At this stage, only some of the wafers will be 
measured on-line, while others will be measured, but their 
results will either be stored for later interpretation (if needed) 
or interpreted with a very low accuracy, using the crude initial 
library. With time, the system will support higher and higher 
throughput, since most of the relevant parts of the spectral 
library will be ready, until the maximal throughput is obtained 
when the whole library is prepared. 

Additionally, in distinction to alternative techniques, in 
which the system has no independent ability to prepare a 
library on-site, the above dynamic scheme advantageously 
has the possibility of handling variations in optical constants. 
It is well possible that over time, the optical constants of some 
layers will change slightly. This change could result from 
lot-to-lot variations due to the changes of the properties of 
photoresist (e.g. composition) or slight changes in process 
conditions (e.g. temperature, humidity). The chemical pro- 
ducer may disregard such changes since they are not sup- 
posed to have any direct effect on the process (e.g. changes in 
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the optical constants of photoresist at wavelengths different 
from the exposure wavelength). On the other hand, any 
change in the optical constants of the measured layers will 
obviously have an effect on the measurement with the mea- 
surement system (1, 100, 200, 300). In order to avoid this 
problem, the system has to monitor on a continuous basis the 
optical constants of the layers, and, in case that these deviate 
significantly from the constants used for the calculation of the 
library, the library has to be rebuilt. If the changes in the 
optical constants are sufficiently smooth, a system with on- 
board computational power will be able to follow the changes 
without a significant deterioration in the measurement accu- 
racy. Obviously, any technique that relies on external compu- 
tational power will be disadvantageous in the scenario. 

As an alternative to geometrical profile models (e.g. tra- 
peze), the profiles to be used for the preparation of the spectral 
library could be obtained through simulation of the relevant 
process. This is in contrast to the above technique of produc- 
ing possible profiles that has no a-priori connection to the real 
process. For example, if the patterned layer is developed 
photoresist, than simulation of the lithographic process may 
be used to obtain expected line profiles from input parameters 
such as resist thickness, absorption coefficient, sub-layer 
reflection, exposure wavelength and doze, and parameters of 
the exposure system, such as numerical aperture and focus 
conditions. In this case, each set of such input parameters will 
result in a corresponding expected profile, and the preparation 
of the spectral library will include an additional step. The 
required steps thus are as follows: 

(a) The user defines the type of process, type of model and 
the required input parameters, describing the situation prior to 
the process and the range of possible parameters for the 
process; 

(b) Simulation of the process is used to produce a large set 
of possible profiles according to some or all possible combi- 
nations of process parameters and uncertain parameters of the 
structure prior to the process; 

(c) An optical model is used to produce the expected spec- 
trum for each profile according to'experi mental conditions of 
the measurement (incidence angle, numerical aperture etc.). 

Step (c) of this preparation process (and the following 
fitting process) does not depend on the way the initial profiles 
have been prepared. A clear advantage of using a process- 
related method for profile preparation is that a greater variety 
of inherently different profiles can be used, thus the chances 
of finding the real profile are increased. Additionally, by 
providing the input parameters used for the simulation of the 
profile in addition to the actual profile, the system may pro- 
vide more ready-to-use information to the user, and may 
possibly indicate the source of deviations found in the pro- 
cess. 

Measurement Procedure 

Step 1 . Alignment of the wafer 2 is performed by the wafer 
handler and wafer stage, so as to provide the correct position 
and orientation of the wafer with respect to the measurement 
system 1. Alignment is controlled by feedback from position 
and angle sensors typically provided in the measurement 
system, as well as from the imaging channel 26. The align- 
ment procedure is a very important stage of the entire mea- 
surement process, since diffraction efficiency is also a func- 
tion of the angles between the incidence beam, normal to the 
wafer's surface and the direction of the grating. 

Step 2. The first measurement site is found. This is imple- 
mented by providing a relative displacement between the 
objective lens (and possibly other optical elements) and the 
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wafer along two mutually perpendicular axes within a plane 
parallel to the wafer's surface. For this purpose, feedback 
from images of some parts of the wafer acquired by the CCD 
camera 30 can be used. 

Step 3. The measurement of reflection coefficient spectrum 
is carried out with the measurement channel Sa ("normal 
incidence "0" order") applied to one or more so-called 
"unpatterned site". Turning back to FIG. 1, such sites L,, L 3 
are located where there is no lateral variation within an area 
i larger than that of the measurement spot of the measurement 
channel. These measurements enable to determine the thick- 
ness, reflectivity and optical constants (refraction index and 
extinction coefficient, n and k) of one or more layers includ- 
ing the patterned layer 2. 

Step 4. The relative location between the wafer 2 and the 
incident beam B (1) , is changed (e.g., by moving either the 
support stage or the optics of the measurement system) to a 
further measurement site L 2 having a required grating struc- 
ture (a patterned site, as described above). Measurement of 
the reflection efficiency spectra is carried out with the "nor- 
mal' incidence" measurement channel 8a, in one or more 
polarization states. These measurement can be later utilized 
to extract parameters such as the thickness of the patterned 
layer 2, grating parameters, and optionally also optical con- 
stants. 

It should be noted that generally, steps 3 and 4 could in 
some cases be combined, namely the above parameters of one 
or more underneath layers could also be determined at step 4, 
whilst measuring in the photoresist region by the measure- 
ment spot less than the dimensions of this region. In other 
words, the determination of the parameters of the patterned 
layer and those of one or more underneath layers could be 
carried out at such measurement site(s) and with such mea- 
suring conditions, that the spectral characteristic of light 
returned from the measurement spot is not significantly 
affected by the line profile. 

It should, however, be noted, that, if the optical constants of 
a patterned layer are known or could be considered to be 
stable for some bunch of wafers (lot), the "normal incidence" 
measurement channel and the "oblique incidence" measure- 
ment channel could be applied to the same site(s) L 2 . The 
measurements are preferably separated in time. Such a tech- 
nique is time saving, since it eliminates the need for additional 
movements from the "unpatterned" site to the ''patterned" 
site. 

Step 5. Measurement of the reflection efficiency spectra is 
carried out at the oblique incidence in one or more diffraction 
orders (i.e., "0" and/or * -1" order), with the measurement 
channels Sb and/or 34, respectively, or in the case of system 
300 through the unified measurement channel 8'. These mea- 
surements are applied to patterned sites Lj as defined above 
(FIG. 1). Measurements can be taken from one or more grat- 
ing structures per measured die, where different gratings may 
have different line/space ratios in order to simulate different 
conditions of the controlled process. 

The Analysis of Measured Data 

Step A: Initially, the normal incidence measurements 
(steps 3-4, or step 4 only) are analyzed to extract the above 
parameters of one or more underneath layers and of the pho- 
toresist layer, and to determine the thickness and optionally 
optical constants of the photoresist layer. Some of these mea- 
surements, e.g., yielding the optical constants n and k, can be • 
carried out only once per several measurements of step 5 
above, namely once per wafer, once per lot, etc. 

Step B: The spectral characteristics measured with either 
one of the "oblique incidence" channel Sb (step 5) and the 
"normal incidence" channel Sa (step 4), or both are compared 
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to the corresponding reference data, i.e., spectra stored in the 1 ) Monitor the operation of the measuring module 1 in the 

library, and a so-called "best-fitting" between the measured system 400. This utilizes both the receiving of signals from 

and reference data is found. In this step, the results of the sensors, that monitor internal parameters of the measuring 

previous step are used to limit the scope of the search, thus module (e.g. temperature, light source parameters, etc.). and 

reducing computation time. Having found a sufficiently good 5 generating an alarm signal in case of malfunction or evidence 

fining for all the spectra, one can conclude that the measured for required preventive maintenance, 

structure has a profile most similar to that with which the 2) Display measurement results of any one of the measur- 

"best-fitting" spectra have been determined, and can output ing modules to the operator. The displayed information may 

the parameters of this profile. include the statistical analysis of any sub-group of results 

BycanyingoutthearalysisintheabovetwostepsAandB, to (e.g., in-wafer statistics, wafer-to-wafer statistics, lot-to-lot 

the problem of finding the best fitting profile is significantly statistics, module-to-module statistics, etc.). 

reduced. This reduction is gained by de-coupling some of the 3) p er f or m all or part of the interpretation of the measured 

parameters, e.g., heights, thus reducing the number of inde- data. For example, the machine-specific calculations, such as 

pendent parameters in step B above. Since finding an opti- normalization to calibration data, could be made in each 

mum in a multi-parameter space is a problem whose com- 15 measuring module, while the comparison between measured 

plexity considerably increases with the number of spectrum and reference data could be carried out at the server, 

independent parameters (dimensions), the de-coupling During the maintenance procedure, the server may display 

results in a faster, more accurate and more stable solution. me sensors * output, perform the remote control of various 

Several algorithms are required for the interpretation of the mechanisms and provide on-line assistance ("help inter- 
measured data (after the spectral library is prepared). Analy- 20 f ace ") 

sisofthelayer^Vlbicknessisba^ ^ Uon of ^ reference ^ Qibraries) ^ be 

NovaScan System conrnierc.allyava.labe from Nova Mea- carric dout by any suitable technique, for example as follows: 

sunng Instruments Ltd.) and may also apply other algorithms. ~ , ' . * 

r c , 1 • r.u «• 1 rTu Preparation by the server 42 onlv; 

for example an analvsis of the optical properties of the semi- r . . v , 

conductor lavcr(s) utilizing a technique disclosed in U.S. Pat. 25 Pre P aratloa b y «*h control UIUt 6 separately, as described 

No. 4,905,170 with some modifications. The fitting of the above Wlth res P ect 10 me ^ration of the system 1; 

measured data to the reference data (i.e.. spectral library) Parallel preparation by several control units associated 

utilizes known statistical multivariate techniques such as with different measunng modules connected to the same 

Neural Networks, genetic algorithms, etc. network; 

In a FAB for the wafers* manufacture, several concurrently 30 Preparation by a distant server connected to the local server 

operated production lines are usuaJIy utilized, which perform 42 or directly to the control units 6 through the network, 

either the same or different manufacturing steps. Conse- e 8- tne Internet. 

quentty. several measurement systems constructed and oper- The advantages of the present invention are thus self-evi- 

ated according to the invention could be installed within these dent. Measurement is carried out in both normal and oblique 

production lines. In this case, the control units of the different 35 "0" orders, and may be measured both in "0" and " orders, 

measuring systems can be associated with a local area net- Thus, a wealth of data is measured which can result in more 

work (LAN), with a common server utility installed outside accurate reconstruction of the profile. Since the M -P order 

the production line, and possibly remote from the FAB being light is that diffracted by the sample grating, it is possible to 

connected to the LAN through the computer network, e.g., the place a detector array and measure the diffracted signal 

Internet. It is also possible that a common server utility is 40 directly as it comes from the wafer. 

associated with control units of different measurement sys- The analysis is carried out in several steps, using first the 

tems installed at different FABs . most sensitive measurement channel to measure each param- 

FIG. 9 illustrates a measurement system 400 based on the cter before final optimization, and is done using data from all 

above concept. The system 400 is composed of several mea- channels. This method reduces the possibility of finding a 

suring modules, each constructed similarly to either one of 45 local minimum of the fitting function, which is not the correct 

the systems 1, 1 00, 200 and 3 00 (system 1 being shown in the profile. 

present example). Thus, each such measuring module 1 com- The analysis is carried out using a Genetic Algorithm or 

prises the measuring unit 4, applied to the wafer progressing another technique that does not depend on a training stage, in 

on a corresponding part of the production line? which the system learns from calibration examples. This 

As illustrated in FIG. 9, the system 400 includes a server 50 increases the chances for correct measurement, and reduces 

utility 42 and several measuring modules, e.g. system 1, con- the setup time. 

nectable to the server 42 through a communication link 44. The system allows for the measurement on small test struc- 

The server 42 is a central processor of the entire system 400, ^5 (typically smaller than 40 umx40 um) utilizing focusing 

and may perform different tasks at different operational steps. optics. The fact that a significant angle range is used is taken 

The communication network serves for connecting the server 55 mt0 account in the computation to avoid misinterpretation. 

42 to the measuring modules 1, providing the connection The system is designed in a way that will enable its incorpo- 

between the measuring modules 1, as well as connection ration into a closed loop control system for controlling CD. 

between the server 42 and a host machine (not shown) of the ^ skilled in the art wiI1 readi , y appreciate that various 

FAB to enable the closed loop control of a corresponding modifications and changes can be applied to the embodiments 

processing tool. 60 D f the invention as hereinbefore exemplified without depart- 

During the setup of measurement, the server 42 is respon- . from to scope as defined {q and bv ^ appended daims 
siblc for receiving information from the user and preparing 
reference data (libraries of possible models). The reference 

data is then transmitted over the communication network to What is claimed is: 

the corresponding measuring module 1 . 65 1 . A measurement system configured to determine a critical 

During the measurement procedure, the server 42 may dimension and a layer characteristic parameter of a structure 

perform the following tasks: during production, the system comprising: 
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a stage configured to support the structure during measure- field imaging, bright field and dark field imaging, an ellip- 

ments; someter, a spectroscopic ellipsometer, a two-beam spectro- 

a measuring unit comprising: photometer, multi-incidence angle refiectometer. multi-inci- 

an illumination system configured to direct incident dence angle ellipsometer. 

light of substantially broad wavelengths band with a 5 20. The system of claim 1, wherein the measuring unit 

predetermined solid angle of light propagation, defines a first measurement channel and a second measure- 

toward a surface of the structure during a measure- nient channel, and wherein optical elements of the first mea- 

ment; and surement channel comprise optica] elements of the second 

a detection system configured to detect light propagating measurement channel. 

from the surface of the structure during measure- 10 21. The system of claim 20, wherein the optical elements 

ments, include at least one polarizer, 

wherein the measuring unit is configured to generate one 22. The system of claim 21 , wherein the polarizer is accom- 

or more output signals in response to the detected light modated in optical paths of the incident light propagating 

during measurements; and towards the structure and the light propagating from the struc- 

a computer system coupled to the measuring unit and con- 1 5 ture towards the detection system. 

figured and operable for 23. The system of claim 21, wherein the polarizer is 

receiving and analyzing said output signals to extract mounted for rotation so as to change its preferred polariza- 

spectral information, and tion. 

fitting said spectral information to reference data to 24. The system of claim 21, wherein the polarizer is 

determine said parameters of the patterned structure, 20 mounted so as to be shifted between its two operational posi- 

wherein said reference data is indicative of weighted tions to be in or out of an optical path of light propagating 

diffraction efficiency at plurality of angles of inci- through the measuring unit. 

dence around an average direction of said predeter- 25. The system of claim 1, wherein the processor is con- 
mined solid angle of light propagation toward a sur- figured to determine, from the one or more output signals 
face of the structure during measurement. 25 during measurements, the structure parameter selected from a 

2. The system of claim 1, wherein the stage is further surface profile of the structure, a surface relief of a layer on 
configured to move laterally during measurements. the structure, and a topography parameter of a feature of the 

3. The system of claim 1. wherein the stage is further structure. 

configured to move rolatably during measurements. 26. The system of claim 25, wherein the system is coupled 

4. The system of claim 1. wherein the stage is further 30 to a process tool selected from a tool of a lithography tools 
configured to move laterally and rotatably during measure- arrangement and an etching tool. 

ments. 27. The system of claim 1, wherein the system is config- 

5. The system of claim 1, wherein the illumination system ured to determine at least the parameters of the structure 
comprises a single light source. substantially simultaneously during measurements. 

6. The system of claim 1 . wherein the illumination system 35 28. The system of claim 1, wherein the illumination system 
comprises more than one light source. is configured to direct the incident light to multiple measure- 

7. The system of claim 1 3 wherein the detection system ment sites on the surface of the structure, and wherein the 
comprises a single light detector. detection system is configured to detect light propagating 

8. The system of claim 1, wherein the detection system from the multiple measurement sites on the surface of the 
comprises more than one light detector. 40 structure such that one or more of the parameters of the 

9. The system of claim 1, wherein the measuring unit structure can be determined at the multiple measurement 
comprises a scatterometer. sites. 

10. The system of claim 1, wherein the measuring unit 29. The system of claim 1, wherein the system is coupled to 
comprises a spectroscopic scatterometer. a processing tool. 

11. The system of claim 1, wherein the measuring unit 45 30. The system of claim 1, wherein the system is coupled to 
comprises a refiectometer. a processing tool, and wherein the system is at least partly 

12. The system of claim 1, wherein the measuring unit disposed within the processing tool. 

comprises a spectroscopic refiectometer. 3 1 . The system of claim 1, wherein the system is coupled to 

13. The system of claim 1, wherein the measuring unit a processing tool, and wherein the system is integrated with a 
comprises a bright field imaging channel. 50 processing tool arrangement. 

14. The system of claim 1, wherein the measuring unit 32. The system of claim 1, wherein the system is coupled to 
comprises a dark field imaging channel. a processing tool , and wherein the processing tool comprises 

15. The system of claim 1, wherein the measuring unit a robot means configured to move the structure to the stage for 
comprises bright field and dark field imaging channels. measurements. 

16. The system of claim 1, wherein the measuring unit 55 33. The system of claim 1, wherein the system is coupled to 
utilizes an ellipsometer light propagation scheme. a processing tool, and wherein the system is configured to 

17. The system of claim 1, wherein the measuring unit determine the parameters of the structure while the structure 
utilizes a spectroscopic ellipsometer light propagation is between processing steps. 

scheme. 34. The system of claim 1. wherein the support stage sup- 

18. The system of claim 1 wherein the measuring unit 60 ports the structure during measurements in a horizontal plane, 
utilizes a two-beam spectrophotometer scheme. 35. The system of claim 1, wherein the system is coupled to 

19. The system of claim 1, wherein the measuring unit a processing tool, and wherein the processing tool is selected 
defines a first measurement channel and a second measure- from the group including a tool of a lithography tools arrange- 
ment channel, and wherein the first and second measurement ment and an etching tool. 

channels are selected from of the following channels: a scat- 65 3 6. The system of claim 1, wherein the stage and the 

terometer, a spectroscopic scatterometer, a refiectometer, a measuring unit are configured as an integrated system being 

spectroscopic refiectometer. a bright field imaging, a dark disposed within a processing tool. 
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37. The system of claim 1, wherein the support stage and 56. The system of claim 55, wherein the processor is con- 
the measuring unit are configured as an integrated system figured to adjust a parameter of the processing tool in 
being coupled to a processing tool. response to the determined parameters using a feedback con- 

38. The system of claim 1, wherein the support stage and trol technique. 

the measuring unit are disposed with respect to a processing 5 57. The system of claim 55, wherein the processor is con- 
tool such that a robot of the processing tool is capable of figured to adjust a parameter of the processing tool in 
supplying the structure between the processing tool and the response to the determined parameters using a feedforward 
measuring unit . c ontro 1 1 echni que . 

39. The system of claim 1, wherein the processor is coupled 58 - Th e system of claim 55, wherein the processor is con- 
to a processing tool and is configured to adjust a parameter of 10 figured to monitor a parameter of the processing tool. 

the processing tool in response to the determined parameters 59 • The system of claim 58, wherein the processor is con- 

of the structure. figured to determine a relationship .between the determined 

40. The system of claim 1, wherein the processor is con- parameters and the monitored parameter of the processing 
figured to carry out statistical analysis of the determined to °^ 

parameters of the structure and parameters of a plurality of 15 60 - The system of claim 59, wherein the processor is con- 
structures during measurements. fi&xed to adjust a parameter of the processing tool in 

41. The system of claim 40, wherein the statistical analysis respond to the relationship. 

includes at least one of the following: in-wafer statistics, 6 h Hie system of claim! .wherein the processor is coupled 

wafer-to-wafer statistics, lot-to-lot statistics, module-to- * a P lural *>' of ^asunng units, and wherein each of the 

module statistics 20 P mrallTv of measuring units is coupled to a processing tool. 

J** tt. * r i • i i. - *i. 62. The system of claim 1, wherein the processor com- 

42. Ine system oi claim 1, wherein the processor is con- , \ , , ^_ r . , 

fi j + A A ^ - a ™. ♦ . pnses a local processor coupled to the measuring unit and a 

figured to compare the determined parameter of the structure r . . . . , D , . 

. b a* - a r .u- . remote controller coupled to the local processor, wherein the 

to a predetermined range for this parameter. , . v. . A . *\ ^- ,, 

* _ n r . * , - i l° ca ^ processor is configured to at least partially process the 

43 The system of claim 1, wherein the processor is icon- 2 _ Qne Qr mQre g . , s ^ meas urements, and 

figured to adjust a parameter oi a processing tool coupled to wherein lhe remQte controller is configured to further process 

the measuring unit m response to the determined parameters ^ d sed 0l ^ m si ls 

of the structure using a feedback control technique. 63 ^ s ; slem of ^ 62 ^ loca , processor is 

44. lhe system of claim 1, wherein the processor is con- configured to determine the parameters of the structure, 
figured to adjust a parameter of a processing tool coupled to 30 64 svstem of claim 62> wherein the remote controller 
the measuring unit in response to the determined parameters is con fi gure d to determine the parameters of the structure 
of the structure using a feedforward control technique. 65 The system of ciaim ^ wherein the measuring unit 

45. The system of claim 1, wherein the processor is con- comprises a calibration channel configured for measuring a 
figured to create a database, wherein the database comprises fraction of the illuminating light to determine its characteris- 
thc determined parameters of the structure. 35 { \ c simultaneously with said measurements. 

46. The system of claim 45, wherein the processor is con- 66. The system of claim 65, wherein said calibration chan- 
figured to calibrate the measuring unit using the database. n el is configured to measure spectral characteristics of the 

47. The system of claim 46, wherein the processor is con- illuminating light. 

figured to monitor output signals generated by the measuring 67. The system of claim 66, wherein said calibration chan- 

unit using the database. 40 nel comprises a spectrometer. 

48. The system of claim 46, wherein the database com- 68. The system of claim 65, wherein said calibration chan- 
prises the parameters of a plurality of structures. nel is configured to measure intensity variations of the illu- 

49. The system of claim 48, wherein the parameters of the minating light. 

plurality of structures are determined using the measuring ^ The system of claim 68, wherein said calibration chan- 

un jt 45 nel comprises a photodiode. 

50. The system of claim 48, wherein the parameters of the 70 - ^ system of claim 1, comprising more than one 
plurality of structures are determined using a plurality of measuring unit, the measuring units for applying measure- 
measuring units. ments to structures associated with different processing toots, 

51. The system of claim 50, wherein the processor is the measuring units being coupled to a common control sys- 
coupled to the plurality of measuring units. 50 tem , vl l a communication network. 

. r i • ei i_ ■ J. 71 . The system of claim 70, wherein said different process- 

a2. The system of claim 51, wherein the processor is con- , , J , t „ \. ^, J* . 

^ m i , . e . . , mg tools are operable to perform the same manufacturing 

figured to calibrate the plurality of measunng units using the err © 

database 

72 . The system of claim 70, wherein said different process- 

53. The system of claim 51, wherein the processor is con- 55 • {oo]s m 0?erah]e to p er f orm different manufacturing 
figured to monitor output signals generated by the plurality of steps. 

measuring units using the database. system of claim 70 wherein said different process- 

54. The system of claim 1, wherein the system is config- mg tools are associated with same FAB. 

ured to determine the parameters of the structure at more than 74. The system of claim 70, wherein said different process- 
one site on the structure, wherein the structure comprises a 60 mg tools are associated with different FABs. 
wafer, and wherein the processor is configured to adjust at 75. The system of claim 70, wherein said processor is a part 
least one parameter of a wafer processing tool in response to of said common control system. 

at least one of the determined parameters of the structure at 76. The system of claim 70. comprising more than one 

the more than one site on the structure to reduce within wafer processor, each of the measuring units being coupled to a 

variation of at least one of the determined parameters. 65 corresponding one of the processors, the processors being 

55. The system of claim 1, wherein the processor is coupled connected to the common control system via the communi- 
to a structure processing tool. cation network. 
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77. The system of claim 70, wherein the common control 
system is accommodated outside a production line. 

78. The system of claim 70. wherein said common com- 
puter system is connectable to a host machine of a FAB via 
said communication network. 5 

79. The system of claim 78, wherein said connection 
between the computer system and the host machine enables 
closed loop control of a corresponding processing tool. 

80. The system of claim 70, wherein the common control 
system is responsible for information from a user to prepare 10 
certain database to be available by a corresponding measuring 
unit via the communication network. 

81. The system of claim 1. wherein the layer characteristic 
includes a layer thickness. 

82. The system of claim 1. comprising at least one sensor 15 
configured for sensing at least one internal parameter of the 
measuring unit, thereby enabling monitoring of the operation 
of the measuring unit. 

83. The system of claim 82, wherein the sensed parameter 
includes at least one of temperature and light source condi- 20 
tion. 

84. The system of claim 82. wherein the sensor is config- 
ured to generate an alarm signal in case of malfunction or 
evidence for required preventive maintenance. 

85. The system of claim 1 , comprising an optical character 25 
recognition (OCR) channel. 

86. The system of claim 85, wherein the OCR channel 
includes an optical detector and a controller running OCR 
software. 

87. The system of claim 85, wherein the OCR channel 30 
includes at least one of optical elements of the measuring unit. 

88. The system of claim 85. wherein the optical detector of 
the OCR channel is connectable to the processor. 

89. The system of claim 85, wherein the optical detector of 
the OCR channel is connectable to a central controller. 35 

90. A method for determining a critical dimension and a 
layer characteristic parameter of a structure, the method com- 
prising: 

disposing the structure upon a stage; . 

subjecting the structure on the stage to measurements by 40 
measuring unit comprising an illumination system and a 
detection system, the measurements comprising operat- 
ing the illumination system for directing light toward a 
surface of the structure with a predetermined solid angle 
of light propagation, detecting by said detection system 45 
light propagating from the surface of the structure, and 
generating one or more output signals in response to the 
detected light; and 

processing data indicative of the one or more output sig- 
nals, said processing comprising extracting spectral 50 
information from said data, and fitting said spectral 
information to certain reference data to determine said 
parameters of the patterned structure, the reference data 
being indicative weighted diffraction efficiency at plu- 
rality of angles of incidence around an average direction 55 
of said predetermined solid angle of light propagation 
toward a surface of the structure during measurement. 

91 .A computer- implemented method for controlling a sys- 
tem comprising a measuring unit and being configured to 
determine a critical dimension and a layer characteristic 60 
parameters of a structure, the method comprising: 

controlling operation of the measuring unit, wherein the 
measuring unit comprises an illurnination system and a 
detection system, said controlling comprising: 
controlling the illumination system to direct light toward 65 
a surface of the structure with a predetermined solid 
angle of light propagation; 
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controlling the detection system to detect light propa- 
gating from the surface of the structure and generate 
data indicative of one or more output signals respon- 
sive to the detected light; and 
processing said data indicative of the one or more output 
signals, said processing comprising extracting spectral 
information from said data, and fitting said spectral 
information to certain reference data to determine said 
parameters of the patterned structure, the reference data 
being indicative of weighted diffraction efficiency at 
plurality of angles of incidence around an average direc- 
tion of said predetermined solid angle of light propaga- 
tion toward a surface of the structure during measure- 
ment. 

92. A method for fabricating a semiconductor device, the 
method comprising: 

forming a portion of the semiconductor device upon a 
structure; 

disposing the structure upon a stage, and subjecting the 
structure to measurements by a measuring unit compris- 
ing an illumination system and a detection system, the 
measurements comprising operating the illumination 
system for directing light toward a surface of the struc- 
ture with a predetermined solid angle of light propaga- 
tion, detecting by said detection system light propagat- 
ing from the surface of the structure, and generating data 
indicative of one or more output signals in response to 
the detected light; and 

processing said data indicative of the one or more output 
signals to deterrnine said parameters of the structure, 
said processing comprising extracting spectra informa- 
tion from said data, and fitting said spectral information 
to certain reference data to determine a critical dimen- 
sion and a layer characteristic parameter of the structure, 
the reference data being indicative of weighted diffrac- 
tion efficiency at plurality of angles of incidence around 
an average direction of said predetermined solid angle of 
light propagation toward a surface of the structure dur- 
ing measurement. 

93. The method of claim 92, comprising identifying the 
structure under measurements by the structure identity num- 
ber.. 

94. The method of claim 93, wherein said identifying com- 
prises applying to the structure an optical character recogni- 
tion (OCR). 

95. A system configured to determine a critical dimension 
and a layer characteristic parameter of a structure, the system 
comprising: 

a stage configured to support the structure; 

a measuring unit comprising: an illumination system con- 
figured to direct light toward a surface of the structure 
during measurements with a predetermined solid angle 
of light propagation; and a detection system coupled to 
the illumination system and configured to detect light 
propagating from the surface of the structure during 
measurements, wherein the measuring unit is configured 
to generate one or more output signals responsive to the 
detected light; 

a computer system comprising a local processor coupled to 
the measuring unit and configured to at least partially 
process the one or more output signals, and a remote 
controller coupled to the local processor, wherein the 
remote controller is configured to receive the at least 
partially processed one or more output signals and deter- 
mine said parameters of the structure from the at least 
partially processed one or more output signals, the local 
and remote processors operating together to carry out 
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the following: extracting spectral information from said 
data, and fitting said spectral information to certain ref- 
erence data to determined said parameters of the pat- 
terned structure, the reference data being indicative of 
weighted diffraction efficiency at plurality of angles of 5 
incidence around an average direction of said predeter- 
mined solid angle of light propagation toward a surface 
of the structure during measurement. 
96. A method for determining a critical dimension and a 

layer characteristic parameters of a structure, the method 10 

comprising: 

disposing the structure upon a stage, and subjecting the 
structure to measurements by a measuring device, com- 
prises an illumination system and a detection system, 
measurements comprising operating the illumination 15 
system for directing light toward a surface of the struc- 
ture with a predetermined solid angle of light propaga- 
tion, detecting by said detection system light propagat- 
ing from the surface of the structure, and generating one 
or more output signals responsive to the detected light; 20 
and 
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processing the one or more output signa Is to determine said 
parameters of the structure, said processing comprising 
extracting spectral information from said data, and fit- 
ting said spectral information to certain reference data to 
determine said parameters of the patterned structure, the 
reference data being indicative of weighted diffraction 
efficiency at plurality of angles of incidence around an 
average direction of said predetermined solid angle of 
light propagation toward a surface of the structure dur- 
ing measurement, processing being carried out by: 
at least partially processing the one or more output sig- 
nals using a local processor coupled to the measuring 
unit; 

sending data resulting from the partial processing from 
the local processor to a remote controller, and 

further processing said data resulting from the partial 
processing at the remote controller. 
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United States Patent and Trademark Office 



Commissioner for Patents 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 



BROWDY AND NEIMARK, P.L.L.C. 
PATENT AND TRADEMARK CAUSES 
SUITE 300 

624 NINTH STREET, N. W. 
WASHINGTON DC 20001-5303 



In re Application of: 
FINAROV et al. 

U.S. Application No.: 10/724,113 
Filing Date: 01 December 2003 . 
Atty Docket No.: FINAROV3A 
For: METHOD AND SYSTEM FOR 

MEASURING PATTERNED 

STRUCTURES 



DECISION ON PETITION 



This decision is issued in response to the "COMMUNICATION" requesting acceptance of 
a copy of a submission originally filed on 13 June 2006, treated herein as a petition under 37 CFR 
1.181. No petition fee is required. 



BACKGROUND 

On 01 December 2003, applicant filed a Transmittal Letter for a new U.S. application 
under 35 U.S.C. 1 1 1(a) accompanied by, among other materials, payment of the basic filing fee. 

On 03 May 2006, an Office action was mailed to applicant indicating that claims 1-96 
were subject to restriction and/or election requirements. On 13 June 2006, applicant allegedly 
filed a response. 

On 29 November 2006 and 4 January 2007, the instant petition considered herein was 
filed. The petition asserts that, on 13 June 2006, applicant filed a timely response to the 3 May 
2006 Office action. A copy of the previously filed response and a copy of a return postcard that 
itemizes the 1 3 June 2006 submission and bears a USPTO receipt stamp dated 1 3 June 2006 
accompany the petition. 



DISCUSSION 

Based on the statements in the present petition and the itemized return postcard bearing 
the USPTO receipt stamp, it is concluded that materials accompanying the present petition 
(including the Response to the election requirement) were originally filed herein on 13 June 2006 
as a timely response to the Office action mailed 03 May 2006. 



CONCLUSION 

The petition under 37 CFR 1 . 1 81 to accept a copy of the response filed on 1 3 June 2006 in 
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application 10/724,1 83 with a filing date of 13 June 2006 is GRANTED. 

The "Response" accompanying the present petition will be treated as having been filed on 
13 June 2006. 

This application is being returned to Art Unit 2877 for consideration of the response 
originally filed on 13 June 2006. 
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Attorney Advisor 
Office of PCT Legal Administration 
Telephone: (571)272-3286 
Facsimile: (571)273-0459 
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